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It will be noted that at Delaware the estimated mini- 
mum by the hygrometric method was within 3 degrees 
of the actual 22 times out of the 25 cases, and was 5 
degrees too low twice and 5 de rees too high once. Using 

3 degrees of the actual 13 times out of the 28 cases, was 
once 9 degrees too low, and once 7 degrees too high. In 
26 cases usin the median-temperature met.hod, 18 times 

being 6 degrees too hioh, and once 3 degrees too low. 
By usino the mean of sese three computations we find 
that in h e  28 cases considered the computed was within 
3 degrees of the actual 26 times, and that it was once 
5 degrees too low and once 4 degrees too high. 

the temperaturnrange metho d the estimate was within 

the estimat.e f was within 3 degrees of the actual, twice 

CONCLUSIONS. 

It seems robable that formulae may be repared by 

eter observations that will permit the makin of very 

tion conditions at any specified oint, and further that 

rules that w18 be widely applicable to places under 
simiiar top0 raphic and atmospheric surroundings. The 

the fact that the dewpoint and relative humidity observa- 
tions may apparently be made at any convenient hour 
in the late afternoon or early evening. After the observa- 
tions have been reduced, and the values of cb and b 
determined, it is then very easy to determine the varia- 
tion of the minimum temperature from the evening dew- 
point by the formula 

Y = u + b R  
in which El is the relative humidity at  the evening observa- 
tion and Y the robable variation of the minimum 

two years' t R ermograph records and whirle B psychrom- 

accurate minimum temperature forecasts un I f  er radia- 

longer carefull made records w 8 permit of establishing 

method of E ygrometric equation has an advantage in 

temperature from t 1 e evening dewpoint. 

HISTORICAL NOTE. 

By CKARLE~ F. MASVIIV, Chief of Bureau. 

The subject matter of this paper, as regards the pre- 
diction of minimum temperatures by moans of the so- 
called median temperature and also the method based 
on the evenin dew oint and relative humidity, was 

August 14, 1915. Publication was eferred a t  that 
time because of scantiness of certain data bearing on the 
question of the change in dewpoint throughout the 
night, and from other considerations. This lack of data 
has since been removed and tho conclusions of the 
ori 'nal paper are herein now seen to be full confirmed. 

as 1910 Charles A. Donnel, in analyzing certain s ecial 
observations made at Boise under the direction of E B ward 
L. Wells, for the purpose of predicting minimum tem er- 
atures, noticed that when the evening relative hum& y 
was about 55 per cent, the minimum temperature was 
about the same as the evening dew oint. Subsequently, 

Oreg., dated August 9, 1912, stnted the relation Donriel 
had pointed out in the following equation: 
H= expected minimum temperature, at orchard level. 
D = dewpoint at  8 p. m., at orchard level. 
R ~ r e l a t i v e  humidity, at 8 p. m., at orchard level. 

fully presente f 3  by rof. Smith in a a a p e r  submitted 

fttention is called to the circumstance t 1 at as early 

M i .  Wells in a personal report to &I? r. Beds, at  Portland, 

Then. 
R-45 Y = D - -  

5 
This matter was briefly alluded to b Mr. Beale in his 

pa e 17.' 
buring 1917 Floyd D.Young, detailed from the Portland, 

Or ., station to manage the spring frost warning service 
atxedford,  Oreg., reported at  some length on his 
utilization of the Donnel relation in that work. Mr. 
W. G. Reed, also engaged in frost protection investiga- 
tions at Medford, Oreg., and familiar in a general way 
with Prof. Smith's investi ations, has dso studied the 

metric state and the minimum tempera- 

It is interesting to observe the close similarity be- 
tween the entirely independent investigations of Donnel 
and Wells on the one hand and Prof. Smith on the other. 
The mathematical identity of the t-wo equations employed 
is easily shown. 

Let M- morning minimum tem erature. 
Let D = evening dewpoint and I!= relative humidity. 

bulletin ' I  Forecasting Frost in the Nort 5 Pacific States," I 

utility and application o ! this relation between the 

evenin? ture o the h y Y O  ollowing morning. 

' 

IrONNEL. SMITH. 

Y=difference between minimum 1 and dewpoint=Y-D. 

in which n,, 1 are two ili1mhem ' K-evening re]. humidity. a and 
deduced from Rtlidy of data. I - h am two conatants depend- 

ing on the data. 

Jf -D = 5 - 2 R 1 Y= u-bR. 
n , %  

IKt. n 1 : Thu computations &ow that the 

n , n ,  
Y - D =  Y, - =b .  , valiiea of b are negative. 

THE LOWEST AIB TEMPERATUBE AT A HETEOBOLOGICAL 
STATION. 

While works on meteorology generailly agree in stating 
that the lowest temperature ever observed at a meteoro- 
logicnl station (not including upper-air observations) was 
recorded o,t Verldingnnsk, Sibenat, the value of the read- 
irig ~ i c l  the date of ~ W I I P T ~ I ~ C . ~  hihve bee11 variously 
stnted. The following letter on this subject is in reply 
to one acldrcsaed to the k t c  Prince Boris Gnlitzin (Rus- 
sian. Goli ty-n), director of the Nicholnr Centrd Physical 
Observu.tory, Petmgmcl. The reference in the last pnra- 
graph is to Prof. A. Voeikor's "Meteomlogin." St. 
Petemburg? 1910, .p. 73, where the a.hPo1ut.e minimum 
t7.t Verkliogansk IS given as - 72OC.---/'. F. Tu.hn.nn, 
Libra r Ea n . 

I'rof. (.'. I?. MARVIN. 

OBSERVATOIHE PHYSIQll E ENTRAL NICOLAS, 
Psfropud, DM. 2. 1916. 

Chief lliathtr B~ITKUU. 
Tikihiiagtmk, 1). C. 

LJEAR SIR: In mmver to your letter [of October 1915, al)out the 
lowest temperature of air in VerkhoyanaL, I can refer you to That 
Followe: 

The low& tempurat,ure W:IS noticed t?v the oboerwr at Verkho 
:msk t,he 5th and 7th of Febrnary, 1892. ' h e  olwervations m-ere m d i  
hy means of the alcohol thermometer Muller So. 81": t.he direct read- 
ing on thi3 thermometer WBB --Io c'. - 90Ao P.].Thia thermometer, 
Yo. 81*, was verified in the Central h-- hysical Observatory, hut only 

4 Be&, E. A .  Foreeaqtl frost in the North Pacific States. Washington, 1912. [l2 
@.I, 49 p. IIo. t W ~ t h ~ ~ ~ - I l  Bull. 41.) (W. B. No. 473.) 
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between the limits +ZOO and --20°, EO that we don't poesess its cor- 
rections for lower temperatures. 
In order to reduce the alcohol thermometers to the tcrmy oE the inter- 

national hydrogen thermometer, to all readi made on alcohol ther- 
mometers, before their being published i n x e  Annals for lS!E, cor- 
rections were ap lied. aa they were obtaincd by Mr. Hlaaek from com- 

tory, with the norm:il therruometer Tonnelot. purc-lnsPd I r v  the O11~erv- 
rtory and verified in the Internatinrial I3iire,ui nf Wei-l its and 3rp:ie- 
urea. The corrections were- 

parisone- of the t P ierrriometer. Geissler Yo. A. belonging to the OLserxk 

From direct cornpsrisone of tlie readiiigs of the ahJho1 t.hermometers 
with those of the mercury onefl, made at several stations in  the district 
of the Ob*rvatory in  t.he interval -30' to -40" it follows, that these 
corrections ought not have heen a plied to t.he alcohol thermometers 
on most stations. for the radings orthe alcohol thennometers differ iii 
the abovemeiitionecl interval i n  general very little from tlie renl!ingw 
of the mercury thermometers. 

Therefore since 1893 tlie above-stated crorrectiow were i i o  uiore 
applied to the readings of the alcohol thermometers :iiid for low temper- 
atures only additir~nd c0rrectio:is were nsed. obt,a,ined froin direct 
crompariaons of the alcohol thermometers with the mercury OIICP, 
belonging to the atat.ions. 

Owingto these re~soiis I suppose, that the correctiiiii -2.0' C. ehuulal 
not have been applied ta the reuliiigs of the alcohol thermometer 5). 
81*, in Verkhoymek iii 1393: as we do not know the tnie currectio~s 
for the thermometer No. Sl* i n  the interval -30' lo -50'. it wnultl 
be more appro riate to use its tlirert rcadings withwit s:iy ;t:l.iitional 
correction. !l& lowest tcmpetzwe of air in Vcrkho ctn8k ought thiwj;)rc 
to be considered a8 -68' C [-90 .4O F.], it U also tk lowrst tcttiprrflltm 
which haa ever been obserwd on the sfntioi~s of our nwteorvlogical tit.1. 
As for the value -73", which Prof. VoeikrJv gives in hie work, i c  i n  

most probably due to B misuiiderstmding; i t  seems, t.hat he iulilol the 
correction -2.0° once more to the alredy-corrected reading of the 
alcohol thermometers, pnblighetl in the Annals of t.he Obaen-atmy fin 
the year 1892. 

Yours truly? 
[Sikmed] U .  GALITLIN. 

SS/. 5a4 c 7 Y F  
NOTES ON THE HOT WAVX IN SOUTHERN CALIFORNIA. 

JUNE 14-17, 1917. 

By FORD A~MMAK CARPENTER, &feteorolugist. 
ID3k.d: Weather Bureau. Los Angeles, July 12,1917.1 

Record June temperatures were experienced enerally 

17, 1917. As this heat wave was uni ue in the meteoro- 
logical history of this section of the 8nited States, both 
in its distribution and effects, some notes have been col- 
lected on the sub'ect and rn here presented for future 

Con~Wiw camea of hot .waves in southem California- 
Mr. G. H. Wihon @ves the following explanation of hot, 
waves in California.' 
In the late s ring, summer, and early fall, when HIGHB cover the 

North Pacific &ates 3nd Plateau region, light to moderate, north to 
eaet winde revail w e r  California, and the cool ocean influences are 
checked or fe ld  back. The sky is clear and insolation is great, and the 
air ia heated dynamically in  moving down the mountsin slo es, callsing 
very high temperatures in the valleys end m t  sectims. h e n  these 
conditione are very marked they produce hot waves. 

in southern California during the four days en c f  lug June 

reference and stu d y. 

1 Weather Forearsting in the United Statas, Washington 1016. p. 33% (W. R. No. 
588.) 

And the present writer, in discuss a hot wave which 
occurred at Los Angeles on Septem Y er 17, 1913, gave 
t-he following explanation: 

ell, like all instances of tem eratures above 
90° in this ortion of aouxern ('alifornia. was a welldelned "norther" 
condition Eronght about by preesure distributioii typical of mch 
phenomena. 
On Septemhrr 15 tlie barornptric ressure was high over the Nortli- 

west and low in the Southwest. Whxe the low area remained stationary 
for many d a p .  the high area l~rogressed in  a southeasterly direction. 
The greatest difference in  pressure was coincid~nt with the wariiiest 
clay, when the weather n1.i showed a ,gradient of a tenth of an inch in  
~iarometric pressure to tile Runtlrod miles on an east-antl-west line. 

Gtn.Eml wcnthur. eoiulitions ncrompamyinq the hot ~ ~ ~ ~ v t . -  
T h e  hot wave of ?Juiit?, 1917, ext.ended over a period of 
four days; tlie Gryt indication that a eriod of warm 

vf t,he 1 Ith, wliich showed the arrangement of hig 
and low u r ( w  t,ypicul to such condit.ions. 
datc tiic seasoil bad hem backward, the 
coo1 uiid cloudy. Tiw cnsuing wceli brought a rapi 
balancing of the tcmpernture deficiency which was of 
long stuncling. At. Los Angdos the temperatme rimelied 
looo twice in the four days Juiie 14-17, with t,he maxi- 
muni of 105' on tlia 17th. (See fig. 1.) The highest. 
t.em wraturc of whirhwc. Iiare data, 134' E"., was registered 
at- decca, Itiverside County, on the 15t.11, and the lowest 
maximum, S i ' ,  occurred at  Yan Diego. Except along 
the. immediate coast section t.he mean maximum tem- 
pcraturc? for southmi Cnlifornin for tlic four days 
ap roximated 100'. 

Lutlicni California is spncially fortunate in having 
a number of s t s th i s  equip ed with t.hermogra~lis. I n  
perusing the thermograms f rom 16 stations it is found 
that they fall int.0 two general classes: one (illustrated 
by Sg.  2) where the crest of tho hot wave was reached 
on the fourth day; and the other (see fig. 3) where the 
t.emperature suddenly touched the highest point on the 
first day and thereafter steadily diminished. Amon sta- 
tions falling in the first class belong Los Angeles, sasa- 
dena, Mount Wilson, Redlanda, Riverside, Corona, Upland, 
Pomona, Sail Brrnardino, and Saiita Barbara. The 
second class includes San Diego, Escondido, El Cajon, 
Bonita, Tustin, and Whittier. 

Incidental phenomena were associatt?d with the hot 
wave. The iuflucnce of the hot wind a t  midnight of the 
16-17tmh (sec fig. 4), which traversed the seaward side 
of the mountain range and caused tlie temperatur? to 
rise 15 degrees, is shown at El Cajon, San Bernardmo, 
and Redlands. This hot wind was also felt st many of 
the desert stations farther south. Another accompanying 
henomenon was the effect of the neighboring forest 

L e s  on the otherwise e uable littoral weather of Santa 
Barbara (see fig. 5). Ipecial meteorological observer 
G. W. Russell at that station is probably correct in at- 
tributing the abnormal temperatures there to the forest 
&e. Concerning this phase of the hot wave Mr. Russell 
says : 

The cause of this hot 

T ""E weat.iicbr was immincvit occurrcd with t P le weathc 

- 
The Septemlrer hot wavein Los AngeJes, Cal. MONTHLY WRATHHER REVIEW, Wash- 

ington, Sept., 1913,41:1404. 


